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1. 

AUDIOVIDEO OFFSET DETECTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Not applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not applicable 

FIELD OF THE INVENTION 

The present application relates generally to video transmis 
sion systems, and more specifically to systems and methods 
of measuring a temporal offset between video media content 
and audio media content introduced by a media channel. 

BACKGROUND OF THE INVENTION 

The term “video' is typically used to refer to a combination 
of video media content (e.g., a time sequence of images) and 
its associated audio media content. For example, Such a com 
bination of video media content and audio media content may 
be employed in television broadcasts and streaming video, 
among others. During the preparation and/or transmission of 
Such video, the video media content and the audio media 
content may, at times, need to be separated to allow certain 
processing operations to be performed that are dependent on 
the nature of the respective media content. For example, in 
television broadcasts, such processing operations can include 
frame synchronization, digital video effects processing, 
video noise reduction, format conversion, MPEG pre-prepro 
cessing, etc. Further, with regard to streaming video, Such 
processing operations can include transforming the video 
media content and the audio media content to conform with/ 
to one or more different protocol standards, changing the 
bandwidth used for the respective media content, etc. While 
Such processing operations are being performed on the video 
media content and the audio media content, the video media 
content and the audio media content may pass through sepa 
rate media channels and through different processing ele 
ments, which may subject the respective media content to 
different amounts of delay, resulting in a relative delay (Such 
relative delay also referred to herein as a “temporal offset) 
between the video media content and the audio media con 
tent. For example, in a television broadcast of a talking per 
son, a viewer of the television broadcast may perceive a 
temporal offset between the movement of the talking person’s 
lips in a time sequence of images, and the sound generated 
from the associated audio media content. 
The temporal relationship between video media content 

and its associated audio media content is referred to herein as 
the A/V sync' or “lip sync'. When not properly aligned, the 
Video media content is said to contain A/V sync errors or lip 
sync errors. Although it can vary from person to person, it is 
generally known that a temporal offset would not be per 
ceived by a human viewer if the audio media content leads the 
video media content by less than a threshold of about 0.015 
seconds, or if the audio media content lags the video media 
content by less than a threshold of about 0.045 seconds. If 
such thresholds are exceeded, then it may be desirable to 
attempt to remove or reduce the temporal offset. One known 
technique for removing such a temporal offset is to apply 
Some amount of delay to one of the audio media content and 
Video media content components. Such a temporal offset can 
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2 
be a source of great discontent not only for viewers of an 
affected video, but also for those responsible for the creation 
and/or dissemination of the video, as they are often not imme 
diately aware of the problem having occurred, and thus might 
not be in a good position to take steps to attempt to remedy the 
existing problem, and to try to prevent it from recurring in the 
future. 

It would therefore be desirable to have improved systems 
and methods of measuring a temporal offset between video 
media content and audio media content introduced by a media 
channel that better address the issue of temporal offset. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the present application, systems and 
methods of measuring a temporal offset between video media 
content and associated audio media content introduced by a 
media channel are disclosed that employ one or more video 
fingerprints obtained from at least one video frame included 
in the video media content, and one or more audio fingerprints 
obtained from at least one audio signal included in the audio 
media content. The presently disclosed systems and methods 
can obtain such one or more video fingerprints and Such one 
or more audio fingerprints prior to transmission of video over 
a media channel (such one or more video fingerprints and 
Such one or more audio fingerprints obtained prior to the 
transmission of the video over the media channel also referred 
to herein as “reference video fingerprints' and “reference 
audio fingerprints.” respectively), and Subsequent to the 
transmission of the video over the media channel (Such one or 
more video fingerprints and Such one or more audio finger 
prints obtained subsequent to the transmission of the video 
over the media channel also referred to herein as “target video 
fingerprints' and “target audio fingerprints.” respectively). 
Each of the reference video fingerprints and the reference 
audio fingerprints has an associated time stamp prior to its 
transmission over the media channel, and each of the target 
Video fingerprints and the target audio fingerprints has an 
associated time stamp Subsequent to its transmission over the 
media channel. Using at least Some of the reference video 
fingerprints and target video fingerprints along with their 
associated time stamps, the disclosed systems and methods 
can determine one or more video time stamp offsets. Further, 
using at least Some of the reference audio fingerprints and 
target audio fingerprints along with their associated time 
stamps, the disclosed systems and methods can determine one 
or more audio time stamp offsets. Using at least Some of the 
Video time stamp offsets and audio time stamp offsets, the 
disclosed systems and methods can determine a temporal 
offset between the video media content and the audio media 
content introduced by the media channel. 

In accordance with one aspect, an exemplary system for 
measuring a temporal offset between video media content 
and its associated audio media content introduced by a media 
channel (such exemplary system also referred to herein as 
a/the A/V temporal offset measurement system') comprises 
a plurality of functional components, including a reference 
audio fingerprint extractor, a reference video fingerprint 
extractor, a target audio fingerprint extractor, a target video 
fingerprint extractor, an audio fingerprint matcher, a video 
fingerprint matcher, and an offset estimator. The reference 
audio fingerprint extractor is operative to receive at least one 
encoded bitstream from video prior to transmission of the 
Video over a media channel (such video, prior to its transmis 
sion over the media channel, also referred to herein as a? the 
“reference content”), and to derive, extract, determine, or 
otherwise obtain characteristic reference audio fingerprint 
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data corresponding to the reference audio fingerprints from at 
least one audio signal included in the reference content. The 
reference video fingerprint extractor is operative to receive 
the at least one encoded bitstream from the reference content, 
and to derive, extract, determine, or otherwise obtain charac 
teristic reference video fingerprint data corresponding to the 
reference video fingerprints from at least one video frame 
included in the reference content. The target audio fingerprint 
extractor is operative to receive the video subsequent to its 
transmission over the media channel (such video Subsequent 
to its transmission over the media channel also referred to 
herein as a/the “target content”), and to derive, extract, deter 
mine, or otherwise obtain characteristic target audio finger 
print data corresponding to the target audio fingerprints from 
the at least one audio signal included in the target content. The 
target video fingerprint extractor is operative to receive the 
target content, and to derive, extract, determine, or otherwise 
obtain characteristic target video fingerprint data correspond 
ing to the target video fingerprints from the at least one video 
frame included in the target content. Such characteristic ref 
erence audio fingerprint data and Such characteristic target 
audio fingerprint data can include, but are not limited to, a 
measure, a signature, and/or an identifier, for at least one 
predetermined time window of the audio signal. Further, such 
characteristic reference video fingerprint data and Such char 
acteristic target video fingerprint data can include, but are not 
limited to, a measure, a signature, and/or an identifier, for the 
at least one video frame. 
The audio fingerprint matcher is operative to receive ref 

erence audio fingerprints from the reference audio fingerprint 
extractor, and to receive target audio fingerprints from the 
target audio fingerprint extractor. The audio fingerprint 
matcher is further operative to perform fingerprint matching 
of at least one of the target audio fingerprints against one or 
more of the reference audio fingerprints to obtain one or more 
reference audio fingerprints that match the target audio fin 
gerprint (Such reference audio fingerprints that match the 
target audio fingerprint also referred to herein as “reference 
audio fingerprint matches'). Using at least the time stamps 
associated with the target audio fingerprint and the reference 
audio fingerprint matches, the audio fingerprint matcher is 
further operative to compute, calculate, determine, or other 
wise obtain one or more audio time stamp offsets. The video 
fingerprint matcher is operative to receive the reference video 
fingerprints from the reference video fingerprint extractor, 
and to receive the target video fingerprints from the target 
Video fingerprint extractor. The video fingerprint matcher is 
further operative to perform fingerprint matching of at least 
one of the target video fingerprints against one or more of the 
reference video fingerprints to obtain one or more reference 
Video fingerprints that match the target video fingerprint 
(such reference video fingerprints that match the target video 
fingerprint also referred to herein as “reference video finger 
print matches). Using at least the time stamps associated 
with the target video fingerprint and the reference video fin 
gerprint matches, the video fingerprint matcher is further 
operative to compute, calculate, determine, or otherwise 
obtain one or more video time stamp offsets. The offset esti 
mator is operative to receive the audio time stamp offsets from 
the audio fingerprint matcher, and to receive the video time 
stamp offsets from the video fingerprint matcher. Using at 
least the audio time stamp offsets and the video time stamp 
offsets, the offset estimator is further operative to compute, 
calculate, determine, or otherwise obtain a value for the tem 
poral offset between the video media content and the audio 
media content introduced by the media channel. 
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4 
By extracting reference audio fingerprints and reference 

Video fingerprints from video prior to transmission of the 
Video over a media channel, extracting target audio finger 
prints and target video fingerprints from the video Subsequent 
to its transmission over the media channel, and using at least 
the reference audio fingerprints, the reference video finger 
prints, the target audio fingerprints, and the target video fin 
gerprints, along with their associated time stamps, to obtain a 
temporal offset value, the A/V temporal offset measurement 
system can provide information pertaining to the amount of 
temporal offset introduced by the media channel. The A/V 
temporal offset measurement system can also adjust the Syn 
chronization of the video content and the audio content based 
at least on the temporal offset between the video content and 
the audio content. 

Other features, functions, and aspects of the invention will 
be evident from the Drawings and/or the Detailed Description 
of the Invention that follow. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The invention will be more fully understood with reference 
to the following Detailed Description of the Invention in 
conjunction with the drawings of which: 

FIG. 1 is a block diagram of an exemplary system for 
measuring a temporal offset between video media content 
and audio media content introduced by a media channel, in 
accordance with an exemplary embodiment of the present 
application; 

FIG. 2 is a flow diagram illustrating operation of an exem 
plary audio fingerprint extractor included in the exemplary 
system for measuring a temporal offset between video media 
content and audio media content of FIG. 1; 

FIG. 3 is a flow diagram illustrating operation of an exem 
plary video fingerprint extractor included in the exemplary 
system for measuring a temporal offset between video media 
content and audio media content of FIG. 1; 

FIG. 4 is a flow diagram illustrating operation of an exem 
plary audio fingerprint matcher included in the exemplary 
system for measuring a temporal offset between video media 
content and audio media content of FIG. 1; 

FIG. 5 is a flow diagram illustrating operation of an exem 
plary video fingerprint matcher included in the exemplary 
system for measuring a temporal offset between video media 
content and audio media content of FIG. 1; 

FIG. 6 is a flow diagram illustrating operation of an exem 
plary offset estimator included in the exemplary system for 
measuring a temporal offset between video media content 
and audio media content of FIG. 1; and 

FIG. 7 is a block diagram of an exemplary alternative 
embodiment of the exemplary system for measuring a tem 
poral offset between video media content and audio media 
content of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Systems and methods of measuring a temporal offset 
between video media content and its associated audio media 
content introduced by a media channel are disclosed that 
employ one or more video fingerprints obtained from at least 
one video frame included in the video media content, and one 
or more audio fingerprints obtained from at least one audio 
signal included in the audio media content. The presently 
disclosed systems and methods can obtain Such one or more 
Video fingerprints and Such one or more audio fingerprints 
prior to transmission of video over a media channel (Such one 
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or more video fingerprints and Such one or more audio fin 
gerprints obtained prior to the transmission of the video over 
the media channel also referred to herein as “reference video 
fingerprints' and “reference audio fingerprints, respec 
tively), and Subsequent to the transmission of the video over 
the media channel (Such one or more video fingerprints and 
Such one or more audio fingerprints obtained Subsequent to 
the transmission of the video over the media channel also 
referred to herein as “target video fingerprints' and “target 
audio fingerprints.” respectively). Each of the reference video 
fingerprints and the reference audio fingerprints has an asso 
ciated time stamp prior to its transmission over the media 
channel, and each of the target video fingerprints and the 
target audio fingerprints has an associated time stamp Subse 
quent to its transmission over the media channel. It is noted 
that video media content (e.g., a time sequence of images) and 
audio media content (e.g., at least one time-windowed audio 
signal) that have associated time stamps that are equivalent 
are generally intended to be presented to a viewer at Substan 
tially the same time. Using at least the reference video fin 
gerprints and the target video fingerprints along with their 
associated time stamps, the disclosed systems and methods 
can determine one or more video time stamp offsets. Further, 
using at least the reference audio fingerprints and the target 
audio fingerprints along with their associated time stamps, the 
disclosed systems and methods can determine one or more 
audio time stamp offsets. Using at least the video time stamp 
offsets and the audio time stamp offsets, the disclosed sys 
tems and methods can determine a value of a temporal offset 
between the video media content and the audio media content 
introduced by the media channel (such a value for the tem 
poral offset also referred to herein as a? the “temporal offset 
value'). 

FIG. 1 depicts an illustrative embodiment of an exemplary 
system 100 for measuring a temporal offset between video 
media content and its associated audio media content intro 
duced by a media channel (such exemplary system also 
referred to herein as a/the A/V temporal offset measurement 
system'), in accordance with an exemplary embodiment of 
the present application. As shown in FIG. 1, the A/V temporal 
offset measurement system 100 comprises a plurality of func 
tional components, including a reference audio fingerprint 
extractor 104, a reference video fingerprint extractor 106, a 
target audio fingerprint extractor 108, a target video finger 
print extractor 110, an audio fingerprint matcher 112, a video 
fingerprint matcher 114, and an offset estimator 116. The 
reference audio fingerprint extractor 104 is operative to 
receive at least one encoded bitstream from video prior to 
transmission of the video over a media channel 102 (such 
video, prior to its transmission over the media channel 102. 
also referred to herein as a/the “reference content”), and to 
derive, extract, determine, or otherwise obtain characteristic 
reference audio fingerprint data corresponding to the refer 
ence audio fingerprints from at least one audio signal 
included in the reference content. The reference video finger 
print extractor 106 is operative to receive the encoded bit 
stream from the reference content, and to derive, extract, 
determine, or otherwise obtain characteristic reference video 
fingerprint data corresponding to the reference video finger 
prints from at least one video frame included in the reference 
content. The target audio fingerprint extractor 108 is opera 
tive to receive the video Subsequent to its transmission over 
the media channel 102 (such video, Subsequent to its trans 
mission over the media channel 102, also referred to hereinas 
a? the “target content”), and to derive, extract, determine, or 
otherwise obtain characteristic target audio fingerprint data 
corresponding to the target audio fingerprints from the audio 
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6 
signal included in the target content. The target video finger 
print extractor 110 is operative to receive the target content, 
and to derive, extract, determine, or otherwise obtain charac 
teristic target video fingerprint data corresponding to the tar 
get video fingerprints from the video frame included in the 
target content. Such characteristic reference audio fingerprint 
data and Such characteristic target audio fingerprint data can 
include, but is not limited to, a measure, a signature, and/oran 
identifier, for at least one predetermined time window of the 
audio signal. Further, Such characteristic reference video fin 
gerprint data and Such characteristic target video fingerprint 
data can include, but is not limited to, a measure, a signature, 
and/or an identifier, for the video frame. 

With further reference to FIG. 1, the audio fingerprint 
matcher 112 is operative to receive reference audio finger 
prints from the reference audio fingerprint extractor 104, and 
to receive target audio fingerprints from the target audio fin 
gerprint extractor 108. The audio fingerprint matcher 112 is 
further operative to perform fingerprint matching of at least 
one of the target audio fingerprints against one or more of the 
reference audio fingerprints to obtain one or more reference 
audio fingerprints that match the target audio fingerprint 
(such reference audio fingerprints that match the target audio 
fingerprint also referred to herein as “reference audio finger 
print matches'). It is noted that the target audio fingerprint 
corresponds to a time-windowed audio signal included in the 
target content, and one or more of the reference audio finger 
print matches can correspond to an equivalent time-win 
dowed audio signal included in the reference content. Using 
at least the time stamps associated with the target audio fin 
gerprint and the reference audio fingerprint matches, the 
audio fingerprint matcher 112 is further operative to compute, 
calculate, determine, or otherwise obtain one or more audio 
time stamp offsets. It is further noted that one or more of the 
audio time stamp offsets can correspond to a relative delay 
between a time-windowed audio signal included in the target 
content, and an equivalent time-windowed audio signal 
included in the reference content. 
The video fingerprint matcher 114 is operative to receive 

the reference video fingerprints from the reference video 
fingerprint extractor 106, and to receive the target video fin 
gerprints from the target video fingerprint extractor 110. The 
video fingerprint matcher 114 is further operative to perform 
fingerprint matching of at least one of the target video finger 
prints against one or more of the reference video fingerprints 
to obtain one or more reference video fingerprints that match 
the target video fingerprint (Such reference video fingerprints 
that match the target video fingerprint also referred to herein 
as a? the “reference video fingerprint matches'). It is noted 
that the target video fingerprint corresponds to a video frame 
included in the target content, and one or more of the refer 
ence video fingerprint matches can correspond to an equiva 
lent video frame included in the reference content. Using at 
least the time stamps associated with the target video finger 
print and the reference video fingerprint matches, the video 
fingerprint matcher 114 is further operative to compute, cal 
culate, determine, or otherwise obtain one or more video time 
stamp offsets. It is further noted that one or more of the video 
time stamp offsets can correspond to a temporal offset 
between a video frame included in the target content, and an 
equivalent video frame included in the reference content. The 
offset estimator 116 is operative to receive the audio time 
stamp offsets from the audio fingerprint matcher 112, and to 
receive the video time stamp offsets from the video finger 
print matcher 114. Using at least the audio time stamp offsets 
and the video time stamp offsets, the offset estimator 116 is 
further operative to compute, calculate, determine, or other 
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wise obtain a temporal offset value indicative of the temporal 
offset between the video media content and the audio media 
content introduced by the media channel 102. 
The media channel 102 can include, by way of non-limit 

ing example, a video encoder, an audio encoder, a video 5 
transcoder, an audio transcoder, a frame synchronizer, a digi 
tal video effects processor, a digital audio effects processor, a 
Video noise reduction processor, an audio noise reduction 
processor, one or more format converters, an MPEG pre 
preprocessor, a sampling rate converter, and/or any other 
Suitable processing element(s), circuitry, and/or transmission 
channel(s) capable of introducing temporal delay between 
Video media content and audio media content that is initially 
synchronized. When the video media content and the audio 
media content are transmitted over the media channel 102, the 
Video media content and the audio media content may each 
pass through different processing elements and/or circuitry 
within the media channel 102, which may subject the respec 
tive media content to different amounts of delay, resulting in 
a temporal offset between the video media content and the 
audio media content at an output of the media channel 102. 
Further, many of the processing elements in the media chan 
nel 102 canassign new time stamps to their outputs, where the 
output time stamps are related to the input time stamps by an 
offset. In accordance with the illustrative embodiment of FIG. 
1, it is assumed that the video media content and its associated 
audio media content are substantially in proper A/V sync or 
lip Sync prior to their transmission over the media channel 
102, but may or may not be in proper A/V sync or lip sync 
subsequent to their transmission over the media channel 102. 
Within the A/V temporal offset measurement system 100 of 
FIG. 1, the temporal offset value obtained by the offset esti 
mator 116 can be used to correct the A/V sync error or lip sync 
error, or can be used to raise an alert indicating Such AN Sync 
error or lip Sync error. 
An exemplary method 200 of operating an audio finger 

print extractor is described below with reference to FIG. 2. It 
is noted that each of the reference audio fingerprint extractor 
104 and the target audio fingerprint extractor 108 included in 
the AN temporal offset measurement system 100 (see FIG. 1) 
can be configured to operate in accordance with the exem 
plary method 200 shown in FIG. 2. As depicted in step 202 
(see FIG. 2), at least one audio signal included in audio/video 
media content (e.g., the reference content and/or the target 
content) is sampled to obtain a sampled audio signal. As 
depicted in step 204 (see FIG. 2), a first short term Fourier 
transform (such first short term Fourier transform also 
referred to herein as a? the “1 STFT) is performed on the 
sampled audio signal. For example, the 1 STFT can be 
performed on the sampled audio signal using a Blackman 
window having a duration of about 100 milliseconds, and 
using a hop size of about 25 milliseconds. As depicted in step 
206 (see FIG. 2), a second short term Fourier transform (such 
second short term Fourier transform also referred to hereinas 
a/the “2" STFT) is performed over the frequency response 
of the 1' STFT performed in step 204 (see FIG. 2). For 
example, the 2"STFT can be performed over the frequency 
response of the STFT using a rectangular window having a 
duration of about 2 seconds, and using a hop size of about 50 
milliseconds. As depicted in step 208 (see FIG. 2), adjacent 
frequencies from the frequency response of the 2"STFT 
performed in step 206 (see FIG. 2) are merged to obtain a 
series of audio fingerprint vectors 210.1, 210.2,..., 210p, in 
which each of the audio fingerprint vectors 210.1, 
210.2, ..., 210p corresponds to a predetermined time win 
dow of the audio signal. 
The exemplary method 200 of operating an audio finger 

print extractoris further described below with reference to the 
following exemplary analysis, as well as FIG. 2. Such an 
exemplary analysis is described in a publication of Mathieu 
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8 
Ramona and Geoffroy Peeters entitled “Audio Identification 
Based on Spectral Modeling of Bark-Bands Energy And Syn 
chronisation Through Onset Detection.” Proc. ICASSP. May 
22-27, 2011, pages 477-480, which is incorporated herein by 
reference in its entirety. In accordance with step 202 (see FIG. 
2), the audio signal from the audio/video media content (e.g., 
the reference content or the target content) is sampled to 
obtain the sampled audio signal (such sampled audio signal 
also denoted herein as “x(n)). 

In accordance with step 204 (see FIG. 2), the 1' STFT is 
performed on the sampled audio signal, X(n), using the Black 
man window (such Blackman window also denoted herein as 
“w (n)) having a duration of about 100 milliseconds, and 
using a hop size of about 25 milliseconds. For example, the 
Blackman window, w (n), can be expressed as follows, 

27in -- 4.7in (1) w(n) = a - a costs i) ascos, i). 
in which 

1 - a. (2) 
(0 - -, 

1 3 
d 2. and (3) 

o (4) 
d2 2 

and in which “N1 can be set to 4100 (reflecting 100 milli 
seconds at 41,000 samples per second) or any other suitable 
value, and “C” can be set to 0.16 or any other suitable value. 
Specifically, the Blackman window, w (n), can be applied to 
the sampled audio signal, X(n), to obtain a time-windowed, 
sampled audio signal, “X(nm), which can be expressed as 
follows, 

(5) 

Further, the frequency response of the 1 STFT performed in 
step 204 (see FIG. 2) on the time-windowed, sampled audio 
signal, X(nm), at time 'm' and frequency “k.” can be 
expressed as follows, 

(6) 

in which 

k=0, 1,..., N, and (7) 

m=0, 1,..., M., (8) 

and in which the time “m’ corresponds to the start of a 
short-term analysis window that has a length of N samples, 
and “M” corresponds to the total number of time windows of 
the sampled audio signal, X(nm), in which each time win 
dow has a duration of about 100 milliseconds. It is noted that 
Xi(k,m) can be expressed as a form of a complex number, 
a+b, and therefore the magnitude of X(km) can be obtained 
as follows, 

... Varh. (10) 
In accordance with step 206 (see FIG. 2), the 2' STFT is 

performed over the frequency response of the 1 STFT per 
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formed in step 204 (see FIG. 2), using a rectangular window 
(such rectangular window also referred to herein as “w(k)) 
having a duration of about 2 seconds, and using a hop size of 
about 50 milliseconds. For example, the rectangular window, 
w(k), can be expressed as follows, 5 

w(k)=1, (11) 
in which 

k=0, 1,..., N2, (12) 
10 

and in which 'N' can be set to 80 or any other suitable value. 
Specifically, the rectangular window, w(k), can be applied to 
the frequency response of the 1STFT, X(k.m), to obtain, for 
the p" window, 

X-mag (k, p, m) X-mag(k, p--m) w(m). (13) 15 

Further, the frequency response of the 2"STFT performed in 
step 206 (see FIG. 2) over the time, m, and for the frequency, 
k, can be expressed as follows, 

2O 

N2-1 i2tkk (14) 

X2(k, K, p) = Xi(k, p, m)e "2 
=0 

25 

in which 

k=0,1,..., N, (15) 

K=0,1,..., N2, and (16) 
30 

p=1,2,..., P. (17) 

and in which “P” corresponds to the total number of time 
windows, each having a duration of about 2 seconds, used to 
perform the 2" STFT. It is noted that X(k, K, p) can be 
expressed as a form of a complex number, a+b, and therefore 
the magnitude of X(k, K, p) can be obtained as follows, 

35 

X2 Vah. (19) 40 
In accordance with step 208 (see FIG. 2), adjacent frequen 

cies from the frequency response of the 2" STFT performed 
in step 206 (see FIG. 2) are merged to obtain the series of 
audio fingerprint vectors 210.1,210.2,..., 210.p. (see FIG.2). 
Specifically, a number of frequency bands (e.g., 6, or any 
other Suitable number) are selected, and adjacent ones of the 
frequency bands are merged to obtain, for example, a 6x6 
audio fingerprint vector, "vector...” for each time win 
dow of the audio signal. Such an exemplary 6x6 audio fin 
gerprint vector, vector, can be expressed as follows, 

45 

50 
j, p) 

freqedge (i+1) freqedge (i+1) (20) 

k-fred edge (i) K-freqedge (i) 

in which 

freq={216.259,302,345.388,431,473}, and (21) 60 

freq={1,8.15.22.29,36.42}. (22) 
An exemplary method 300 of operating a video fingerprint 

extractor is described below with reference to FIG. 3. It is 
noted that each of the reference video fingerprint extractor 65 
106 and the target video fingerprint extractor 110 included in 
the AN temporal offset measurement system 100 (see FIG. 1) 

10 
can be configured to operate in accordance with the exem 
plary method 300 shown in FIG. 3. As depicted in step 302 
(see FIG.3), at least one video frame included in audio/video 
media content (e.g., the reference content and/or the target 
content) is divided into a plurality of MxN non-overlapping 
regions. As depicted in step 304 (see FIG. 3), the mean lumi 
nance for each of the MXN non-overlapping regions of the 
Video frame is computed, calculated, determined, or other 
wise obtained, thereby providing a video fingerprint vector 
306 that corresponds to an MXN block mean luminance vec 
tor. For example, the mean luminance, “L” for each of the 
MxN non-overlapping regions of the video frame can be 
expressed as follows, 

(23) 1 
Lk - X. Pi, 

in which “p, corresponds to the luminance value of a pixel, 
“i, within the MXN non-overlapping region, and “S” corre 
sponds to the total number of pixels within the MXN non 
overlapping region. Further, the mean luminance values for 
the respective MxN non-overlapping regions of the video 
frame can be used to form the video fingerprint vector 306, 
which can be expressed as L. L., ..., Lt } (e.g., K-MXN). 

In accordance with one or more alternative embodiments, 
the reference video fingerprint extractor 106 (see FIG. 1) and 
the target video fingerprint extractor 110 (see FIG. 1) can be 
configured to derive, extract, determine, or otherwise obtain 
characteristic video fingerprint data that correspond to one or 
more video fingerprints from at least one video frame 
included audio/video media content (e.g., the reference con 
tent or the target content) by obtaining one or more ordinal 
measures of predetermined features of the audio/video media 
content, or by obtaining any other Suitable measures, signa 
tures, or identifiers. 
An exemplary method 400 of operating the audio finger 

print matcher 112 (see FIG. 1) is described below with refer 
ence to FIG. 4. In accordance with the exemplary method 400 
shown in FIG. 4, the audio fingerprint matcher 112 is opera 
tive to perform fingerprint matching using a nearest neighbor 
search technique. As depicted in step 406 (see FIG. 4), one or 
more nearest neighbors of a target audio fingerprint vector 
404 are searched for from among a series of reference audio 
fingerprint vectors 402.1, 402.2. . . . , 402.n to obtain one or 
more reference audio fingerprint matches. As shown in FIG. 
4, the target audio fingerprint vector 404 has an associated 
time stamp, TS, and the reference audio fingerprint vec 
tors 402.1, 402.2. . . . , 402.n have associated time stamps, 
TSR1, TSR-2,..., TSR, respectively. For example, each 
of the associated time stamps, TS and TS1, 
TS, ..., TS can indicate the start of a time window 
of the audio signal from which the associated audio finger 
print was obtained. As depicted in step 408 (see FIG.4), using 
the time stamp(s) associated with the reference audio finger 
print match(es), and the time stamp, TS, associated with 
the target audio fingerprint vector 404, one or more audio time 
stamp offsets are computed, calculated, determined, or oth 
erwise obtained. For example, the nearest neighbor search 
technique performed in step 406 (see FIG. 4) can include 
computing, calculating, determining, or otherwise obtaining 
an Euclidean distance between the target audio fingerprint 
vector 404 and each of the reference audio fingerprint vectors 
402.1, 402.2, ... , 402.n, and identifying the reference audio 
fingerprint that has the shortest Euclidean distance to the 
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target audio fingerprint vector 404 to obtain the reference 
audio fingerprint match. Further, the offset determination 
performed in step 408 (see FIG. 4) can include obtaining an 
audio time stamp offset, “diffTS which can be 
expressed as 

diffTSTSTAF1-TSRAF, (24) 

in which "TS" corresponds to the time stamp associated 
with the target audio fingerprint vector 404, and “TS, 
corresponds to the time stamp associated with, for example, 
the reference audio fingerprint vector 402.n. 
An exemplary method 500 of operating the video finger 

print matcher 114 (see FIG. 1) is described below with refer 
ence to FIG. 5. Like the audio fingerprint matcher 112, the 
Video fingerprint matcher 114 is operative to perform finger 
print matching using a nearest neighbor search technique. As 
depicted in step 506 (see FIG. 5), one or more nearest neigh 
bors of a target video fingerprint vector 504 are searched for 
from among a series of reference video fingerprint vectors 
502.1,502.2,...,502.n to obtain one or more reference video 
fingerprint matches. As shown in FIG. 5, the target video 
fingerprint vector 504 has an associated time stamp, TS, 
and the reference video fingerprint vectors 502.1, 502.2, ..., 
502. n have associated time stamps, TS1, TSR.2. . . . . 
TS, respectively. For example, each of the time stamps, 
TST, and TSR-1, TSR.2. . . . . TSR, can indicate the 
display time of the video frame from which the associated 
video fingerprint was obtained. As depicted in step 508 (see 
FIG. 5), using the time stamp(s) associated with the reference 
video fingerprint match(es) and the time stamp, TS, asso 
ciated with the target video fingerprint vector 504, one or 
more video time stamp offsets are computed, calculated, 
determined, or otherwise obtained. For example, the nearest 
neighbor search technique performed in step 506 (see FIG.5) 
can include computing, calculating, determining, or other 
wise obtaining an Euclidean distance between the target 
video fingerprint vector 504 and each of the reference video 
fingerprint vectors 502.1, 502.2. . . . , 502.n, and identifying 
the reference video fingerprint that has the shortest Euclidean 
distance to the target video fingerprint vector 504 to obtain the 
reference video fingerprint match. Further, the offset deter 
mination performed in step 508 (see FIG. 5) can include 
obtaining a video time stamp offset, “diffTS” which can 
be expressed as 

diffTSide TST-Fi-TSR-F, (25) 

in which “TS corresponds to the time stamp associated 
with the target video fingerprint vector 504, and “TS, 
corresponds to the time stamp associated with, for example, 
the reference video fingerprint vector 502.n. 
An exemplary method 600 of operating the offset estimator 

116 (see FIG. 1) is described below with reference to FIG. 6. 
In accordance with the exemplary method 600 of FIG. 6, the 
offset estimator 116 is operative to implement a time stamp 
offset Smoothing technique, involving a moving window that 
has a size, 'W' to account for any erroneous fingerprint 
matches that may have been obtained in the fingerprint 
matching performed by the audio fingerprint matcher 112 
and/or the video fingerprint matcher 114. As depicted in step 
602 (see FIG. 6), probabilities are determined, using a histo 
gram count, for audio time stamp offsets, 1-n, which were 
obtained by the audio fingerprint matcher 112 using the time 
stamp, TS, associated with the target audio fingerprint 
vector 404 (see FIG. 4). Specifically, the moving window 
having the size, W. is introduced along the time domain, and 
centered at time “t.” Further, there area total of Waudio time 
stamp offsets within the window containing the audio time 
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stamp offset (m-W/2) through the audio time stamp offset 
(m+W/2) (see FIG. 6). The histogram count is then performed 
by identifying the value of the audio time stamp offset that has 
the greatest number of occurrences within the window con 
taining the audio time stamp offset (m-W/2) through the 
audio time stamp offset (m+W/2) (such audio time stamp 
offset that has the greatest number of occurrences within the 
window of size, W, at time, t, also referred to herein as a? the 
“audio time stamp offset with highest probability'). As 
depicted in step 604 (see FIG. 6), probabilities are deter 
mined, using a histogram count, for video time stamp offsets, 
1-n, which were obtained by the video fingerprint matcher 
114 using the time stamp, TS, associated with the target 
video fingerprint vector 504 (see FIG. 5). Specifically, the 
moving window having the size, W, is introduced along the 
time domain, and centered at time, t. Further, there are a total 
of W video time stamp offsets within the window containing 
the video time stamp offset (m-W/2) through the video time 
stamp offset (m+W/2) (see FIG. 6). The histogram count is 
then performed by identifying the value of the video time 
stamp offset that has the greatest number of occurrences 
within the window containing the video time stamp offset 
(m-W/2) through the video time stamp offset (m+W/2) (such 
Video time stamp offset that has the greatest number of occur 
rences within the window of size, W, at time, t, also referred 
to herein as a? the “video time stamp offset with highest prob 
ability’). As depicted in step 606, a temporal offset value is 
computed, calculated, determined, or otherwise obtained 
using the audio time stamp offset with highest probability and 
the video time stamp offset with highest probability. In one or 
more alternative embodiments, the difference between the 
video time stamp offset with highest probability and the audio 
time stamp offset with highest probability can be provided to 
obtain such a temporal offset value, “AVSync.” which can 
be expressed as follows, 

AVSynce, diffTS,-diffTS, 
in which “diffTS corresponds to the video time stamp 
offset with highest probability, and “diffTS corresponds 
to the audio time stamp offset with highest probability. As 
described above, such a temporal offset value can be applied 
to a video encoder, a video transcoder, and/or any other Suit 
able processing element(s) and/or circuitry within the media 
channel 102 (see FIG. 1) to place video media content and 
audio media content transmitted over the media channel 102 
in proper A/V sync or lip Sync. 

Having described the above illustrative embodiments of 
the presently disclosed systems and methods of measuring a 
temporal offset between video media content and audio 
media content, further alternative embodiments and/or varia 
tions may be made/practiced. For example, FIG.7 depicts an 
exemplary alternative embodiment 700 of the A/V temporal 
offset measurement system 100 (see FIG. 1). As shown in 
FIG. 7, the exemplary alternative A/V temporal offset mea 
surement system 700 includes a plurality of functional com 
ponents, such as a reference audio fingerprint extractor 702, a 
reference video fingerprint extractor 704, a target audio fin 
gerprint extractor 710, a target video fingerprint extractor 
712, an audio fingerprint matcher 714, a video fingerprint 
matcher 716, an offset estimator 718, and a reference finger 
print database 706. In the exemplary alternative embodiment 
700, the reference audio fingerprint extractor 702 and the 
reference video fingerprint extractor 704 can be configured to 
operate along the lines of the reference audio fingerprint 
extractor 104 (see FIG. 1) and the reference video fingerprint 
extractor 106 (see FIG. 1), respectively. However, unlike the 
reference audio fingerprint extractor 104 (see FIG. 1) and the 

(26) 



US 8,717,499 B2 
13 

reference video fingerprint extractor 106 (see FIG. 1), the 
reference audio fingerprint extractor 702 and the reference 
video fingerprint extractor 704 are operative to provide ref 
erence audio fingerprints and reference video fingerprints, 
respectively, obtained from the reference content prior to its 
transmission over a media channel 708, along with their asso 
ciated time stamps, to the reference fingerprint database 706. 
Further, the target audio fingerprint extractor 710 and the 
target video fingerprint extractor 712 can be configured to 
operate along the lines of the target audio fingerprint extractor 
108 (see FIG. 1) and the target video fingerprint extractor 110 
(see FIG. 1), respectively. Moreover, the audio fingerprint 
matcher 714, the video fingerprint matcher 716, and the offset 
estimator 718 can be configured to operate along the lines of 
the audio fingerprint matcher 112 (FIG. 1), the video finger 
print matcher 114 (FIG. 1), and the offset estimator 116 (FIG. 
1), respectively. However, unlike the audio fingerprint 
matcher 112 (FIG. 1) and the video fingerprint matcher 114 
(FIG. 1), the audio fingerprint matcher 714 and the video 
fingerprint matcher 716 are operative to receive the reference 
audio fingerprints and the reference video fingerprints, along 
with their associated time stamps, from the reference finger 
print database 706. 

It is noted that the operations depicted and/or described 
herein are purely exemplary, and imply no particular order. 
Further, the operations can be used in any sequence, when 
appropriate, and/or can be partially used. With the above 
illustrative embodiments in mind, it should be understood 
that such illustrative embodiments can employ various com 
puter-implemented operations involving data transferred or 
stored in computer systems. Such operations are those requir 
ing physical manipulation of physical quantities. Typically, 
though not necessarily, such quantities take the form of elec 
trical, magnetic, and/or optical signals capable of being 
stored, transferred, combined, compared, and/or otherwise 
manipulated. 

Further, any of the operations depicted and/or described 
herein that form part of the illustrative embodiments are use 
ful machine operations. The illustrative embodiments also 
relate to a device or an apparatus for performing Such opera 
tions. The apparatus can be specially constructed for the 
required purpose, or can be a general-purpose computer 
selectively activated or configured by a computer program 
stored in the computer. In particular, various general-purpose 
machines employing one or more processors coupled to one 
or more computer readable media can be used with computer 
programs written in accordance with the teachings disclosed 
herein, or it may be more convenient to construct a more 
specialized apparatus to perform the required operations. 
The presently disclosed systems and methods can also be 

embodied as computer readable code on a computer readable 
medium. The computer readable medium is any data storage 
device that can store data, which can thereafter be read by a 
computer system. Examples of Such computer readable 
media include hard drives, read-only memory (ROM), ran 
dom-access memory (RAM), CD-ROMs, CD-Rs, CD-RWs, 
magnetic tapes, and/or any other Suitable optical or non 
optical data storage devices. The computer readable media 
can also be distributed over a network-coupled computer 
system, so that the computer readable code can be stored 
and/or executed in a distributed fashion. 
The foregoing description has been directed to particular 

illustrative embodiments of this disclosure. It will be appar 
ent, however, that other variations and modifications may be 
made to the described embodiments, with the attainment of 
Some or all of their associated advantages. Moreover, the 
procedures, processes, and/or modules described herein may 
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be implemented in hardware, software, embodied as a com 
puter-readable medium having program instructions, firm 
ware, or a combination thereof. For example, the functions 
described herein may be performed by a processor executing 
program instructions out of a memory or other storage device. 

It will be appreciated by those skilled in the art that modi 
fications to and variations of the above-described systems and 
methods may be made without departing from the inventive 
concepts disclosed herein. Accordingly, the disclosure should 
not be viewed as limited except as by the scope and spirit of 
the appended claims. 
What is claimed is: 
1. A method of measuring a temporal offset between video 

content and audio content in a system for transmitting video, 
the video being Subject to transmission over a media channel, 
the method comprising the steps of 

prior to transmission of the video over the media channel: 
obtaining reference audio fingerprint data from the 

audio content and reference video fingerprint data 
from the video content, wherein each of the reference 
audio fingerprint data and the reference video finger 
print data includes associated time stamp data; and 

Subsequent to the transmission of the video over the media 
channel: 
obtaining target audio fingerprint data from the audio 

content and target video fingerprint data from the 
Video content, wherein each of the target audio fin 
gerprint data and the target video fingerprint data 
includes associated time stamp data; and 

determining a temporal offset between the video content 
and the audio content based at least on the time stamp 
data associated with the reference video fingerprint 
data, the time stamp data associated with the target 
Video fingerprint data, the time stamp data associated 
with the reference audio fingerprint data, and the time 
stamp data associated with the target audio fingerprint 
data. 

2. The method of claim 1 wherein the video content and the 
audio content have an associated synchronization, and 
wherein the method further comprises: 

Subsequent to the transmission of the video over the media 
channel: 
adjusting the synchronization of the video content and 

the audio content based at least on the temporal offset 
between the video content and the audio content. 

3. The method of claim 1 wherein the obtaining of the 
reference audio fingerprint data comprises: 

sampling at least one audio signal included in the audio 
content to obtain a sampled audio signal. 

4. The method of claim 3 wherein the obtaining of the 
reference audio fingerprint data further comprises: 

performing a first short term Fourier transform on the 
sampled audio signal. 

5. The method of claim 4 wherein the obtaining of the 
reference audio fingerprint data further comprises: 

performing a second short term Fourier transform over a 
frequency response of the first short term Fourier trans 
form. 

6. The method of claim 5 wherein the obtaining of the 
reference audio fingerprint data further comprises: 

obtaining, via at least adjacent frequencies from the fre 
quency response of the first short term Fourier transform 
and a frequency response of the second short term Fou 
rier transform, a series of audio fingerprint vectors, 
wherein each of the audio fingerprint vectors corre 
sponds to a predetermined time window of the audio 
signal. 
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7. The method of claim 1 wherein the obtaining of the 
target audio fingerprint data comprises: 

sampling at least one audio signal included in the audio 
content to obtain a sampled audio signal. 

8. The method of claim 7 wherein the obtaining of the 
target audio fingerprint data further comprises: 

performing a first short term Fourier transform on the 
sampled audio signal. 

9. The method of claim 8 wherein the obtaining of the 
target audio fingerprint data further comprises: 

performing a second short term Fourier transform over a 
frequency response of the first short term Fourier trans 
form. 

10. The method of claim 9 wherein the obtaining of the 
target audio fingerprint data further comprises: 

obtaining, via at least adjacent frequencies from the fre 
quency response of the first short term Fourier transform 
and a frequency response of the second short term Fou 
rier transform, a series of audio fingerprint vectors, 
wherein each of the audio fingerprint vectors corre 
sponds to a predetermined time window of the audio 
signal. 

11. The method of claim 1 wherein the obtaining of the 
reference video fingerprint data comprises: 

dividing at least one video frame included in the video 
content into a plurality of MXN non-overlapping 
regions. 

12. The method of claim 11 wherein the obtaining of the 
reference video fingerprint data further comprises: 

obtaining a mean luminance for each of the MXN non 
overlapping regions of the video frame to provide a 
video fingerprint vector that corresponds to an MXN 
block mean luminance vector. 

13. The method of claim 1 wherein the obtaining of the 
target video fingerprint data comprises: 

dividing at least one video frame included in the video 
content into a plurality of MXN non-overlapping 
regions. 

14. The method of claim 13 wherein the obtaining of the 
target video fingerprint data further comprises: 

obtaining a mean luminance for each of the MXN non 
overlapping regions of the video frame to provide a 
video fingerprint vector that corresponds to an MXN 
block mean luminance vector. 

15. The method of claim 1 wherein the reference audio 
fingerprint data includes one or more reference audio finger 
prints that are characteristic of the audio content prior to the 
transmission of the video over the media channel, wherein the 
target audio fingerprint data includes at least one target audio 
fingerprint that is characteristic of the audio content Subse 
quent to the transmission of the video over the media channel, 
and wherein the determining of the temporal offset between 
the video content and audio content comprises: 

performing fingerprint matching of the target audio finger 
print against one or more of the reference audio finger 
prints to obtain one or more reference audio fingerprints 
that at least Substantially match the target audio finger 
print. 

16. The method of claim 15 wherein the performing of the 
fingerprint matching of the target audio fingerprint against 
one or more of the reference audio fingerprints comprises: 

searching for one or more nearest neighbors of the target 
audio fingerprint from among the reference audio fin 
gerprints to obtain the one or more reference audio fin 
gerprints that at least Substantially match the target 
audio fingerprint. 
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17. The method of claim 16 wherein the searching for one 

or more nearest neighbors of the target audio fingerprint from 
among the reference audio fingerprints comprises: 

obtaining an Euclidean distance between the target audio 
fingerprint and each of the reference audio fingerprints. 

18. The method of claim 17 wherein the searching for one 
or more nearest neighbors of the target audio fingerprint from 
among the reference audio fingerprints further comprises: 

identifying the reference audio fingerprint that has the 
shortest Euclidean distance to the target audio finger 
print. 

19. The method of claim 15 wherein the determining of the 
temporal offset between the video content and audio content 
further comprises: 

through use of at least the time stamp data associated with 
the target audio fingerprint data and the time stamp data 
associated with the reference audio fingerprint data, 
obtaining one or more audio time stamp offsets indica 
tive of one or more temporal offsets between the target 
audio fingerprint and one or more of the reference audio 
fingerprints that at least Substantially match the target 
audio fingerprint. 

20. The method of claim 19 wherein the reference video 
fingerprint data includes one or more reference video finger 
prints that are characteristic of the video content prior to the 
transmission of the video over the media channel, wherein the 
target video fingerprint data includes at least one target video 
fingerprint that is characteristic of the video content Subse 
quent to the transmission of the video over the media channel, 
and wherein the determining of the temporal offset between 
the video content and audio content further comprises: 

performing fingerprint matching of the target video finger 
print against one or more of the reference video finger 
prints to obtain one or more reference video fingerprints 
that at least Substantially match the target video finger 
print. 

21. The method of claim 20 wherein the performing of the 
fingerprint matching of the target video fingerprint against 
one or more of the reference video fingerprints comprises: 

searching for one or more nearest neighbors of the target 
video fingerprint from among the reference video fin 
gerprints to obtain one or more reference video finger 
prints that at least Substantially match the target video 
fingerprint. 

22. The method of claim 21 wherein the searching for one 
or more nearest neighbors of the target video fingerprint from 
among the reference video fingerprints comprises: 

obtaining an Euclidean distance between the target video 
fingerprint and each of the reference video fingerprints. 

23. The method of claim 22 wherein the searching for one 
or more nearest neighbors of the target video fingerprint from 
among the reference video fingerprints further comprises: 

identifying the reference video fingerprint that has the 
shortest Euclidean distance to the target video finger 
print. 

24. The method of claim 20 wherein the determining of the 
temporal offset between the video content and audio content 
further comprises: 

through use of at least the time stamp data associated with 
the target video fingerprint data and the time stamp data 
associated with the reference video fingerprint data, 
obtaining one or more video time stamp offsets indica 
tive of one or more temporal offsets between the target 
video fingerprint and one or more of the reference video 
fingerprints that at least Substantially match the target 
video fingerprint. 
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25. The method of claim 24 wherein the determining of the wherein the reference audio fingerprint data includes one 
temporal offset between the video content and audio content or more reference audio fingerprints characteristic of the 
further comprises: audio content prior to the transmission of the video over 

through use of at least (a) one or more of the audio time the media channel, and 
stamp offsets, and (b) one or more of the video time 5 wherein the target audio fingerprint data includes at least 
stamp offsets, obtaining a value indicative of the tempo- one target audio fingerprint characteristic of the audio 
ral offset between the video content and audio content. content Subsequent to the transmission of the video over 

26. The method of claim 25 wherein the obtaining of the the media channel; 
value indicative of the temporal offset comprises: al audio fingerprint matcher operative (a) to perform fin 

through use of a histogram count, determining a number of 10 gerprint matching of the target audio fingerprint against 
occurrences within a predetermined moving window of one or more of the reference audio fingerprints to obtain 
each of the one or more audio time stamp offsets one or more reference audio fingerprints that at least 

bstantiall toh the target audio fi int, and (b 27. The method of claim 26 wherein the obtaining of the Substantially match the target audio fingerprint, and, (b) 
- - - - - through use of at least the time stamp data associated 

value indicative of the temporal offset further comprises: 15 with the target audio fingerprint data and the time stamp 
identifying, from among the one or more audio time stamp data associated with the reference audio fingerprint data, 

offsets, the audio time stamp offset that has the greatest to obtain one or more audio time stamp offsets indicative 
number of occurrences within the predetermined mov- of one or more temporal offsets between the target audio 
ing window. fingerprint and one or more of the reference audio fin 

28. The method of claim 27 wherein the obtaining of the 20 gerprints that at least substantially match the target 
value indicative of the temporal offset further comprises: audio fingerprint, 

through use of a histogram count, determining a number of wherein the reference video fingerprint data includes one 
occurrences within the predetermined moving window or more reference video fingerprints characteristic of the 
of each of the one or more video time stamp offsets. video content prior to the transmission of the video over 

29. The method of claim 28 wherein the obtaining of the 25 the media channel, and 
value indicative of the temporal offset further comprises: wherein the target video fingerprint data includes at least 

identifying, from among the one or more video time stamp one target video fingerprint characteristic of the video 
content Subsequent to the transmission of the video over 
the media channel; 

30 a video fingerprint matcher operative (a) to perform finger 
print matching of the target video fingerprint againstone 
or more of the reference video fingerprints to obtain one 
or more reference video fingerprints that at least Sub 
stantially match the target video fingerprint, and, (b) 

35 through use of at least the time stamp data associated 
with the target video fingerprint data and the time stamp 
data associated with the reference video fingerprint data, 

offsets, the video time stamp offset that has the greatest 
number of occurrences within the predetermined mov 
ing window. 

30. The method of claim 29 wherein the obtaining of the 
value indicative of the temporal offset further comprises: 

determining a difference between the video time stamp 
offset that has the greatest number of occurrences within 
the predetermined moving window and the audio time 
stamp offset that has the greatest number of occurrences 
within the predetermined moving window, such that the to obtain one or more video time stamp offsets indicative 
obtained value is indicative of the temporal offset of one or more temporal offsets between the target video 
between the video content and audio content. 40 fingerprint and one or more of the reference video fin 

31. A system for measuring a temporal offset between gerprints that at least Substantially match the target 
Video content and audio content, the video content and the video fingerprint; and 
audio content being included in video that is subject to trans- an offset estimator operative, through use of at least (a) one 
mission over a media channel, the system comprising: or more of the audio time stamp offsets and (b) one or 

a reference audio fingerprint extractor operative, prior to 45 more of the video time stamp offsets, to obtain a value 
the transmission of the video over the media channel, to indicative of the temporal offset between the video con 
obtain reference audio fingerprint data from the audio tent and audio content. 
content; 32. A system for measuring a temporal offset between 

Video content and audio content, the video content and the 
50 audio content being included in video that is subject to trans 

mission over a media channel, the system comprising: 
a reference fingerprint database operative, prior to the 

transmission of the video over the media channel, to 
store reference audio fingerprint data from the audio 

55 content and reference video fingerprint data from the 
video content, 

wherein each of the reference audio fingerprint data and the 
reference video fingerprint data includes associated time 

a reference video fingerprint extractor operative, prior to 
the transmission of the video over the media channel, to 
obtain reference video fingerprint data from the video 
content, 

wherein each of the reference audio fingerprint data and the 
reference video fingerprint data includes associated time 
stamp data; 

a target audio fingerprint extractor operative, Subsequent to 
the transmission of the video over the media channel, to 
obtain target audio fingerprint data from the audio con- stamp data; 
tent; 60 a target audio fingerprint extractor operative, Subsequent to 

a target video fingerprint extractor operative, Subsequent to the transmission of the video over the media channel, to 
the transmission of the video over the media channel, to obtain target audio fingerprint data from the audio con 
obtain target video fingerprint data from the video con- tent; 
tent, a target video fingerprint extractor operative, Subsequent to 

wherein each of the target audio fingerprint data and the 65 the transmission of the video over the media channel, to 
target video fingerprint data includes associated time obtain target video fingerprint data from the video con 
stamp data, tent, 
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wherein each of the target audio fingerprint data and the 
target video fingerprint data includes associated time 
stamp data, 

wherein the reference audio fingerprint data includes one 
or more reference audio fingerprints characteristic of the 
audio content prior to the transmission of the video over 
the media channel, and 

wherein the target audio fingerprint data includes at least 
one target audio fingerprint characteristic of the audio 
content Subsequent to the transmission of the video over 
the media channel; 

an audio fingerprint matcher operative (a) to perform fin 
gerprint matching of the target audio fingerprint against 
one or more of the reference audio fingerprints to obtain 
one or more reference audio fingerprints that at least 
Substantially match the target audio fingerprint, and, (b) 
through use of at least the time stamp data associated 
with the target audio fingerprint data and the time stamp 
data associated with the reference audio fingerprint data, 
to obtain one or more audio time stamp offsets indicative 
of one or more temporal offsets between the target audio 
fingerprint and one or more of the reference audio fin 
gerprints that at least Substantially match the target 
audio fingerprint, 

wherein the reference video fingerprint data includes one 
or more reference video fingerprints characteristic of the 

10 

15 

25 

20 
video content prior to the transmission of the video over 
the media channel, and 

wherein the target video fingerprint data includes at least 
one target video fingerprint characteristic of the video 
content Subsequent to the transmission of the video over 
the media channel; 

a video fingerprint matcher operative (a) to perform finger 
print matching of the target video fingerprint againstone 
or more of the reference video fingerprints to obtain one 
or more reference video fingerprints that at least Sub 
stantially match the target video fingerprint, and, (b) 
through use of at least the time stamp data associated 
with the target video fingerprint data and the time stamp 
data associated with the reference video fingerprint data, 
to obtain one or more video time stamp offsets indicative 
of one or more temporal offsets between the target video 
fingerprint and one or more of the reference video fin 
gerprints that at least Substantially match the target 
video fingerprint; and 

an offset estimator operative, through use of at least (a) one 
or more of the audio time stamp offsets and (b) one or 
more of the video time stamp offsets, to obtain a value 
indicative of the temporal offset between the video con 
tent and audio content. 

k k k k k 


